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Model Solar System Number 2 ~ 
On the Leo Himmelberg Farm 
Don Day and Richard E. Phillips 
Department of Agricultural Engineering 
College of Agriculture 
This guide presents information on a demonstration 
solar system located on a Central Missouri swine farm. 
The system was designed to collect and store solar 
energy for use in preheating ventilation air in a nursery 
building. Information and data on construction, cost 
and performance through the first year of operation are 
presented. Complete working drawings for this facility 
are available through your County Extension Center. 
Ask for UMC Plan No. 32-726-C3. 
The money for the design , construction and testing 
of this system was provided by Mr. Leo Himmelberg, 
the University of Missouri, the U.S. Department of 
Agriculture and the U.S. Department of Energy. 
The Himmelberg farm is located approximately 3 
miles northeast of Glasgow, Mo., on Highway V. It is a 
236 acre crop and livestock operation with a sow herd of 
50-60 animals. All pigs are finished to market weight on 
the farm. 
Construction and Design 
The nursery building is a new facility designed to 
house 200 pigs (400, if planned double decking is 
installed). Pigs are contained in four rows of 4' x 8' 
pens. Pen floors, constructed of galvanized wire mesh, 
allow wastes to be deposited into shallow gutters, and 
flushed to a lagoon. Overall building-size is 28 ' x 48' . 
A south-facing slope at the construction site permit-
ted the use of earth contact construction on three sides 
of the facility. The three walls in contact with the earth 
were constructed of poured concrete . Walls are 8 feet 
high and are recessed approximately 6½ feet into the 
ground . The top 4 feet of each wall were insulated on 
the exterior with expanded polystyrene insulation . 
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Figure 1. Except for the entry door at the south-
west corner, the entire south wall of the Himmel-
berg nursery is devoted to solar collection. The 
concrete retaining walls hold back the earth fill, 
which surrounds three sides of the building. 
The fourth (south) wall was constructed with con-
ventional stud-frame techniques. A vertical wall col-
lector-storage unit was located immediately in front of 
this wall. 
The collector-storage wall was constructed of solid 
concrete blocks , placed to make a 16 inch thick wall . 
Blocks were stacked without mortar except for the first 
course. Vertical joints were spaced at approximately 
3/ 16 inch to provide air passage. After erection, the 
south face of the wall was painted flat black and covered 
with two layers of plastic , spaced 1-1 /2 inches apart. 
The inner layer is an ultra-violet resistant film. The 
outer layer is a fiberglass reinforced corrugated sheet. 
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Table 1. Hlmmelberg System, Performance Summary. 
Item April 1980 December 1980 
Incident Radiation (BTU/Day) 
Energy Added to Building (BTU/Day) 
Average Daily Collection/Ft2 of Collector (BTU) 
System Efficiency 
Value of Energy Added Per Day 
The total smface area of the collector is approximately 
320 square feet. 
Solar energy strikes the wall and warms the block 
storage. A small fan pulls outside air through the 
vertical cracks in the block wall where the air is 
warmed . The fan then delivers the air to the inlet of 
the pressurized fan-tube ventilation system used to cir-
culate air in the building. 
Fan capacity through the solar system was selected 
to provide the minimum winter ventilation rate (400 
cubic feet per minute total) for the base capacity of 
the building. This air is circulated through an inflatable 
plastic tube . If more than minimum air flow is needed 
for temperature control, a motorized shutter admits air 
directly from outside the structure. 
Basic objectives governing the design and construc-
tion of this system were as follows: 
• To provide a preheat system for ventilat-
ing air, which would reduce the need for 
conventional energy sources. 
• To store solar energy for uses during 
night-time periods. 
• To observe the effects of earth contact 
construction on the performance of a 
swine nursery building. 
System Cost 
Installation of the solar wall , fan and controls added 
a total of $3 ,868.00 to the cost of the nursery building. 
This is an average cost of $12.08 per square foot of 
collector. 
Performance 
The system has been operating continuously since 
March 1980. Instruments measured system perfor-
mance during April and December of 1980. A summary 
of these measurements is presented in Table 1. 
In general, the system has performed at or above 
initial expectations . The storage wall does an excellent 
job of capturing heat during daylight hours and releas-
ing it to ventilation air at night. In some cases, air 
temperature rose more than 30 degrees as it passed 
through the storage wall. Typical system performance 
is illustrated in Figure 2. A major benefit of the system 
is the moderating effect it has on the temperature 
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extremes in incoming fresh air for the ventilation 
system. 
Extensive research at Kansas State University on 
this type of solar unit indicates that it has the capability 
of capturing the energy equivalent of 2 gallons of LP gas 
per year per square foot of collector. Our results to date 
on the Himmelberg nursery appear to agree with this 
value. It appears that energy savings will offset the 
system cost in seven to eight years at today 's prices . 
Additional data will be collected from this system in 
the future. If you would like to review the data, contact 
the authors. 
Construction and 
Operating Suggestions 
• Use extreme care in construction of solar 
heating systems for livestock buildings to 
prevent any unwanted air from leaking 
into the system. Even small amounts of 
leakage can totally destroy system effi-
ciency. 
• Use care in locating solar collectors to 
prevent shading from adjacent structures, 
trees or retaining walls. 
• Select glazing materials which are resis-
tant to ultra violet light. 
• Plan carefully the location of earth contact 
structures and the size of ventilation fan 
openings. Fan openings must be formed 
into the concrete . 
Itemized costs for the system. 
Materials 
Concrete $ 696.00 
Blocks and Mortar 695.05 
Insulation 40.96 
Paint 14.85 
Lumber 149.45 
Cover Material 394.59 
Fan and Duct 71.40 
Gravel 40.00 
Labor $1,766.54 
Total $3,868.84 
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Figure 2. Typical performance curves for preheated ventilation air from a solar system with storage. The 
shaded area between outside air temperature and the entering ventilation air temperature represents 
energy added to the building by the solar system. 
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